Abstract. There are many proxies used to measure nitrogen (N) availability in watersheds, but 8 the degree to which they do (or do not) correlate within a watershed has not been systematically 9 addressed. We surveyed the literature for intact forest or grassland watersheds globally, in which 10 several metrics of nitrogen availability have been measured. Our metrics included: foliar d The relationship between stream DIN:DON with both net nitrification and N mineralization was 21 significant only in temperate, but not tropical regions. To our surprise, we did not find a 22 significant correlation between soil d 15 N and stream DIN:DON, despite the fact that both have 23
2 been used to infer spatially or temporally integrated N status. Given that both soil d 15 N and 24 stream DIN:DON are used to infer long-term N status, their lack of correlation in watersheds 25 merits further investigation. 26
Introduction 27
Nitrogen (N) limitation to primary production is widespread in both terrestrial and 28 aquatic ecosystems, and variation in N availability drives differences in ecosystem properties 29 across space and time (Vitousek and Howarth, 1991; Elser et al., 2007; LeBauer and Treseder, 30 2008 ). Yet quantifying N availability over timescales that are relevant to ecosystems is non-31 trivial. Short timescale measurements of N availability in soil are common (e.g. inorganic N 32 pools, N mineralization and nitrification rates; Binkley and Hart, 1989; Sparks et al., 1996) , but 33 such short-term proxies are influenced by both short and long-term drivers, and thus it is difficult 34 to know whether short-term proxies can be used to infer N status (i.e. the relative abundance of 35 plant available N) over long timescales in relatively undisturbed ecosystems. For example, 36 measured net mineralization and nitrification rates in arctic tundra are commonly less than 37 annual rates of plant uptake (Schimel et al., 1996; Schmidt et al., 1999) , and annual N budgets 38 based on short-term measurements are difficult to balance (e.g. Magill et al., 1997) . While long-39 term N status is relevant to many ecosystem properties and their responses to global change, it is 40 more difficult to measure. information, but even the longest studies are short relative to ecosystem development. 47
In addition to these short-term proxies, there are two relatively common measurements of 48 available N that are thought to average over space and/or time. and at steady state reflects the isotopic signature associated inputs (N fixation and/or deposition) 64 and fractionation associated with outputs (Handley and Raven, 1992) . The major N loss 65 pathways (primarily denitrification, and to a lesser extent nitrate leaching) discriminate against 66 even during xylem transport (Soper et al., 2015 
Literature Review 88
We surveyed the literature (through 2012) and contacted individual investigators to 89 gather data from forested and grassland watersheds where more than one proxy of long-term N 90 availability had been measured. We focused on the most commonly-used proxies for N status: 91 foliar (n=78) and surface soil δ 15 N (n=104; <20 cm depth), net nitrification rates (n=86; <20 cm 92 depth), net N mineralization rates (n=88; <20 cm depth), the ratio of dissolved inorganic to timescales (e.g. soil δ 15 N integrates N losses over decades while net N mineralization rates 98 integrate inorganic N production over days; Binkley and Hart, 1989 , Hogburg 1997 . 99
We used the search engines Web of Science and Google Scholar and searched key words: 100 "nitrogen", "15N", "natural abundance", "mineralization", and "dissolved organic nitrogen", 101 "watershed name". References in papers that resulted from the keyword search were then used to 102 gather additional data. We limited our search criteria to studies that took place in forest or 103 grassland ecosystems that had not incurred any large disturbances that might impair their 104
function. 105
We collected data from 154 watersheds across a broad climatic range (Figure 2 ), in which 106 at least two of the six N proxies of interest had been measured (see Supplemental Data). We used 107
DataThief II software (version 1.2.1) to extract data from figures when data were not available in 108 text or tables. When necessary, data were converted to standardize units. 109
From each paper we collected the following site description data: country, site, 110 watershed, biome, ecosystem type, latitude, longitude, elevation (m), mean annual temperature 111 (MAT; °C), mean annual precipitation (MAP; mm yr -1 ), N deposition rate (kg N ha -1 yr -1 ), soil 112 depth (cm), soil solution (lysimeter) depth (cm), and N mineralization method. Site description 113 data were gathered from other sources when they were not in the original publication. 114
In order to control for methodological differences, we limited our net nitrification and N 115 mineralization data to those which used intact soil core, buried bag, and laboratory incubations of 116 
Soil Sample Analysis 139
The soils we analyzed in house for δ 15 N were homogenized, sieved (2 mm) and ground 140 using a mortar and pestle. We analyzed samples at the Marine Biological Laboratory Ecosystem 141 
Statistics 147
Five of our six variables were not normally distributed, so we used a non-parametric 148
Kendall tau rank test in R (version 2.11.1), to determine the significance of all potential 149 correlations. Kendall's tau evaluates the degree of similarity between two sets of ranked data and 150 
